Forty-two crossbred lambs (33.4 kg initial body weight; twenty-four wethers and eighteen ewes) were used in a 42 d experiment with a 2 x 3 factorial treatment arrangement to determine effects of forage level and source on splanchnic tissue mass. Diets were 250 and 750 g/kg of chopped lucerne (Medicago sativa) (A), ryegrass (Lolium multzjlovumFwheat ( Tviticum aestivum) (RW) or bermudagrass (Cynodon dactylon) (B) hay, with the remainder being maize-based concentrate. Five lambs per treatment were slaughtered at the end of the experiment and measurements made of internal organs and contents of the gastrointestinal tract (GIT). Digestible organic matter intake (DOMI) on the In summary, differences in properties of forage A and the grasses at 250 g/kg diet may have influenced GIT mass independent of energy intake and digesta mass. Conversely, with 750 g dietary forage/kg, higher digesta mass for diet B than diet RW appeared responsible for high reticulo-rumen mass relative to DOMI. Greater digesta mass for 750 than 250 g forage/kg may have elevated intestinal tissue mass/DOMl with diets A and B but not with diet RW, for which NDF digestibility was highest.
to over 400 kg was greater with high-forage diets than for high-concentrate diets (Bailey, 1986) . Conversely, Johnson (1988) concluded that fermentable fibres stimulate GIT tissue growth whereas inert fibres do not. Forages differ considerably in the quantity and nature of fibre. Legumes typically contain less cell walls than grasses, and temperate grasses are less fibrous than tropical grasses (Minson, 1990) . Legume cell walls are high in lignin, being degraded less extensively but more rapidly than grass cell walls (Mertens & Loften, 1980) . Tropical grass cell walls normally are higher in lignin (Jung & Fahey, 1983; Windham et al. 1987) and are digested more slowly and less completely than cell walls of temperate grass (Mertens & Loften, 1980) . Therefore, the present experiment was conducted to determine effects and interactions of dietary forage level (250 and 750 g/kg) and source (legume v. grasses and temperate v. tropical grass) on splanchnic tissue mass in growing lambs.
MATERIALS A N D METHODS

Animals and diets
Forty-two lambs ((Rambouillet x Dorset) x Hampshire; twenty-four wethers and eighteen ewes), approximately 3.5 months of age and obtained from one source, were shorn, dewormed and housed individually in an enclosed building with free access to water. For a 14 d pre-experimental period the lambs were fed on a limited amount of ground maize and consumed bermudagrass (Cynodon dactylon) hay ad lib. Then, lambs were weighed full (without feed restriction) at 06.00 hours on days -1,0,20,21,41 and 42 of the experiment. Lambs were allotted to six treatments based on body weight on day -1 and sex for similar mean body weight and variation in body weight within treatment and sex (four wethers and three ewes/treatment). Average initial body weight (mean of day -1 and 0) was 33 (SE 0.3) kg.
The treatment design was a 2 x 3 factorial with two levels of forage and three forage sources. Diets consisted of 250 or 750 g/kg lucerne (Medicago sativa; vegetative; A), ryegrass (Lolium multz$orum; early head emergence)-wheat (Triticum aestivum; anthesis; RW) or bermudagrass (Cynodon dactylon; early heading; B) hay, and the remainder was concentrate consisting predominantly of ground maize. All hay was chopped to pass a 19 mm screen. Composition of diets, forage and concentrate is shown in Tables 1 and 2 . Diets were formulated to be isonitrogenous, dietary proportions of N from supplemental protein sources were standardized, and concentrate was in meal form. Treatments were designated as A-25, with 25 and 75 referring to the level of dietary forage. Diets were offered once daily at 15.00 hours at 105 to 110% of consumption on previous days. Orts were weighed immediately before feeding. Hay and concentrate supplements were weighed separately, mixed by hand before feeding, and sampled daily to form weekly composites. Composites were ground through a 1 mm screen and analysed for dry matter (DM), ash, Kjeldahl N (Association of Official Analytical Chemists, 1984), neutral-detergent fibre (NDF; Goering & Van Soest, 1970; without decalin or sodium sulphite) and acid-detergent fibre and lignin (ADL; Goering & Van Soest, 1970) . a-Amylase (EC 3 . 2 . 1 . I) was used in supplement N D F analysis (Cherney et a/. 1989) . Average daily body-weight gain and gain:feed (DM) were calculated using average body weight on consecutive days.
Slaughter measurements
Thirty lambs (three wethers and two ewes/treatment) were slaughtered and eviscerated at the end of the experiment over a 3 d period. One wether and one ewe from each treatment were slaughtered on the first 2 d, and one wether from each treatment was slaughtered on the third day. Organs were immediately tied at junctions, separated and weighed. Gastrointestinal tract components were the reticulo-rumen, oniasum, abomasum, small Composition intestine, caecum and large intestine. Other tissues included the liver, heart, lungs, spleen, kidneys, and visceral fat. Digesta were removed from GIT segments, and empty tissue and digesta mass were determined. The reticulo-rumen, omasum, abomasum, caecum and large intestine were washed with tap water, and residual water was removed. EBW was determined by subtracting digesta mass from full-body weight measured immediately before slaughter. Small intestinal length was measured as well; organs were frozen after measurements. After partial thawing at room temperature, tissues were chopped, subsampled, lyophilized and reweighed. Subsamples were ground in a household coffee mill and analysed for DM, ash and diethyl ether extract (Association of Official Analytical Chemists, 1984). Ash was quantified with a muffle furnace (600" for 6 h). Digestion For 14-17 d before slaughter, Cr,O, was fed at 1.5 g/kg diet by being thoroughly mixed with concentrate. All digesta in the large intestine were collected at slaughter, lyophilized and ground to pass a 1 mm screen. Samples of diets, orts (7 d before slaughter) and large intestinal digesta were analysed for DM, ash, NDF, N and Cr (Williams et al. 1962) . Cr was determined by atomic absorption spectroscopy with an acetylene plus N,O flame, and used as an external marker to estimate total tract digestibility.
Statistical analysis
Data were analysed with dietary treatment, sex and the treatment x sex interaction in the statistical model. Sex was retained when its effect was significant (P < 0.05); the interaction was not significant and dropped from all analyses. Orthogonal contrasts were conducted for effects of forage level, forage type (legume v. grasses), grass type, forage level x forage type interaction, and forage level x grass type interaction. A regression of digestible organic matter intake (DOMI) v. liver non-fat organic matter (NFOM) mass was conducted. Statistical Analysis System (1985) was used for all analyses.
R E S U L T S
Forage composition (Table 2) was generally as expected, with forage A being higher in N than the grasses and a ranking in N D F concentration of A < RW < B. ADL relative to NDF was 160, 60 and 80 g/kg for forages A, RW and B respectively.
Average DM intake over the entire experiment was similar among low-forage diets, but with 750 g forage/kg intake tended to be lowest for diet B (forage level x grass type interaction, P < 0.10; Table 3 ). Organic matter digestibility was higher (P < 0-05) for lowforage diets than high-forage diets and for diet RW than diet B, especially with 750 g forage/kg (forage level x grass type interaction; P < 0.05). DOMI on the 7 d preceding , and B-75 respectively (forage level and forage levelxgrass type interaction, P < 0.05; forage type, P < 0.10). N D F digestibility was lower (P < 0.05) for low-forage diets than high-forage diets, for diet A than grass diets, and for diet B than diet RW. N digestibility was higher (P < 0.0s) for low-forage diets than high-forage diets and for diet B than diet RW. Live-weight gain and gain:feed were higher (P < 0.05) for diets with 250 than 750 g forage/kg. Full-and empty-body weights and carcass weight were greater (P < 0.05) for 250 than 750 g forage/kg. Backfat depth with 250 g forage/kg ranked A > B > RW, but with 750 g forage/kg the ranking was RW > A and B (forage level x forage type and forage level x grass type interactions; P < 0.05). Longissimus dorsi area was similar among diets.
Fresh digesta mass in the total GIT was approximately 1 kg higher (P < 0.05) for diet B than diet RW with both forage levels primarily because of the higher ( P < 0.05) quantity of digesta in the reticulo-rumen (Table 4) . Digesta mass in all GIT components except the abomasum was greater (P < 0.05) for 750 than 250 g forage/kg diets.
Fresh tissue mass is given in Table 5 ; tissue non-fat organic matter (NFOM; g, g/kg EBW and g/kg DOMI) is shown in Tables 6, 7 and 8 respectively. NFOM (g) of GIT segments except the omasum and abomasum was lower for diet A than for grass diets with 250 g forage/kg but higher for diet A with forage at 750 g/kg diet (forage level x forage type interaction; P < 0.05). Total GIT, reticulo-rumen and omasum NFOM were lower ( P < 0.05) for diet A than for grass diets and similar for diets A and RW with 250 g forage/kg but higher for diet B than for diet RW with forage at 750g/kg diet (forage level x grass type interaction; P < 0.05).
Liver NFOM (g) was higher ( P < 0.05) for 250 than 750 g forage/kg diets; liver NFOM (g) was similar among forage sources with 250 g forage/kg but tended to rank A > RW > P < 0.10). Liver NFOM (g/kg EBW) was similar between forage levels with diet A but lower for 750 than 250g forage/kg with diets RW and B (forage levelxforage type interaction; P < 0.05). Liver NFOM (g/kg DOMI) was higher (P < 0.05) for 250 than 750 g forage/kg.
Heart NFOM was higher ( P < 0.05) for 250 than 750 g forage/kg when expressed in g but not when expressed in g/kg EBW; lung mass was not affected by dietary treatment.
Kidney NFOM (8) was higher (P < 0.05) for diet RW than for diet B; whereas, when expressed in g NFOM/kg EBW kidney mass was higher ( P < 0.05) with 750 than 250 g forage/kg. Spleen mass (g fresh and NFOM) was higher (P < 0.05) for 250 than 750 g forage/ kg.
D I S C U S S I O N
Ivltake Lower DM intake for diet B than for diet RW at 750 g/kg diet agrees with higher ingestion of temperate than tropical grasses in other studies (Lagasse et al. 1990; Galloway et al. 1991 ; . Primarily because of the lower cell wall concentration and more rapid rumen digestion of cell walls and rate of passage of particulate matter, legume intake often is greater than that of temperate grass (Reid et al. 1990; Goering et al. 1991; Thomson et al. 1991 ; Cruickshank et al. 1992 ). Voluntary intake averaged over the entire experiment was similar for diets A and RW with 750 g forage/kg, but intake during the last week of the experiment was slightly greater for diet A (1.19 v. 1.09 kg/d). Similar D M intake among low-forage diets signifies little impact of forage source on intake when comprising 250 g/kg diet.
Digesta mass In agreement with Jahn et al. (1976) , GIT digesta mass was greater for the high than for the low dietary forage level. Digesta mass influences differences in live-weight gain between ruminants fed on forage-and concentrate-based diets (Jahn et al. 1970; Bailey, 1986) . Forage type did not affect GIT digesta mass except for a higher quantity of digesta in the large intestine for diet A v. grass diets. In contrast, Waldo et al. (1990) observed higher digesta mass in steers consuming orchardgrass than lucerne silage at approximately 65 or 90 g DM/kg body weight' 7 5 . These levels of intake are comparable to two treatment means in our experiment (63 to 76 g DM/kg body weight"'); however, the N D F level of their lucerne silage was considerably lower than that in diet A used here. Also, faster rumen passage rate of particulate matter for legumes than for grasses could have greater potential to affect digesta mass with restricted than with ad lib. consumption.
Tissue mass: diet A v. grass diets High metabolic activity and positioning between the GIT lumen and periphery allow marked impact of the GIT and liver on nutrient availability to extrasplanchnic tissues (Ferrell, 1988; McBride & Kelly, 1990) . Organ mass was measured in the present study as an index of the quantity of energy and nutrients consumed by internal organs and, thus, becoming available to the periphery. Of the measures of organ mass in our study, NFOM, consisting primarily of nitrogenous compounds such as protein, should provide strongest indications of internal organ energy consumption. In this regard, lower total GIT mass for diet A than for grass diets with 250 g forage/kg suggests lower energy use by the GIT; whereas differences in GIT mass between forage types with 750 g forage/kg imply a greater quantity of nutrients being consumed by the GIT with diet A than with grass diets.
Differences between diet A and grass diets in mass of both the reticulo-rumen and intestinal tissues contributed to interactions between forage type and level. Similar total GIT NF0M:DOMI for diets A-75 and RW-75 suggests that DOMI may have been responsible for the difference in GIT mass (g NFOM) with 750 g forage/kg; whereas dissimilar values with 250 g forage/kg imply the involvement of other factors. These results seem to reflect a threshold relationship, in that elevated GIT mass for grass diets relative to diet A occurred only with the lower quantity of fibre in the GIT with 250 g forage/kg. Johnson et al. (1990) summarized that dietary effects on GIT mass occur through functional workload, relating to the quantity of nutrients absorbed. Webster (1980) suggested that volatile fatty acids, particularly acetate and butyrate, interact with particulate matter in the GIT in effects on mass of, and energy consumed by, the GIT. In support, Rompala et a!. (1990) increased stomach weight of lambs by adding 100 g polyethylene powder/kg to a 720 g concentrate/kg diet, but insertion of eight polyurethane cubes (22 x 30 x 35 mm) into the rumen did not affect stomach weight regardless of dietary polyethylene inclusion. In a similar experiment, Rompala e f al. (1988) fed lambs on 720 g concentrate/kg diets with 0 or 100 g polyethylene/kg and increased the weight of the large intestine, stomach complex and lungs, without affecting small intestinal weight. These findings and measures of GIT mass in our experiment suggest that the physical nature of digesta with high-concentrate diets can affect the mass of the GIT, both of the reticulorumen and intestinal segments, independent of energy intake and nutrient absorption.
Forage characteristics possibly responsible for differences in GIT mass between diet A and grass diets with 250 g forage/kg are unclear. However, the physical nature and behaviour of legume particles in the rumen differ from grasses. For instance, legume particles are cuboidal in shape compared with the cylindrical nature of grass particles (Troelsen & Campbell, 1968; MoseIey & Jones, 1984; Chai et al. 1985) ; rate of change in density is more rapid for legume than grass particles (Hooper & Welch, 1985) .
Regression analysis indicated that 76 YO of variability in liver NFOM (g) was associated with that in DOMI. Thus, part of the difference in liver NFOM between diets A and RW with 750g forage/kg can be explained by higher DOMI. However, magnitudes of difference between diets A-75 and RW-75 and liver NFOM (g and g/kw EBW) were greater than that in DOMI. The mass of the GIT and the liver are both affected by energy intake, partly because of the general relationship between nutrient absorption and flow to the liver (Johnson ef al. 1990 ). However, because GIT metabolic activity is high, liver metabolism encompasses service functions for other tissues, and N transfer between the GIT and liver is extensive (Ferrell, 1988) , GIT mass or metabolic activity could directly affect liver mass independent of energy intake. Such a relationship may have contributed to higher liver NFOM (g/kg EBW) for diet A than for diet RW with 750 g forage/kg.
Tissue mass: diet R W v. diet B Higher stomach component NF0M:DOMI for diet B than for diet RW with 750 g forage/kg may have been associated with higher digesta mass. Conversely, with 250 g forage/kg GIT digesta mass was higher for diet B than for diets A and RW yet GIT mass was similar among forage sources. These results indicate that with a predominantly tropical grass diet, nutrient and energy consumption by the GIT may account for greater proportions of whole-body energy consumption and DOMI than with a temperate-grassbased diet. Hence, besides typically lower energy intake with tropical-than temperate-grass diets, GIT metabolism may further restrict peripheral nutrient availability.
Tissue mass: 250 v. 750 g,forage/kg The total GIT NFOM : DOMI was similar for 250 and 750 g forage/kg levels with diet RW but not with diets A or B, possibly in relation to the high N D F digestibility of RW diets. Total GIT NFOM: DOMI was considerably higher for 750 than 250 g forage/kg with diets A and B primarily because of high GIT mass and low DOMI respectively. Thus, elevated digesta mass for 750 v. 250 g forage/kg may have stimulated intestinal tissue mass with diets A and B, although no influence was evident with diet RW. Reynolds et al. (1991) fed growing beef heifers on 250 or 750 g A/kg diets at similar levels of metabolizable energy intake. Portal-drained viscera 0, consumption at both levels of intake was approximately 23 % greater for 750 g forage/kg than for 250 g forage/kg.
Summary
Higher GIT mass for diet A than for grass diets at 750 g/kg diet appeared a response to DOMI, whereas lower GIT mass for diet A than for grass diets with 250 g forage/kg may have been caused by differences in characteristics of forage digesta independent of energy intake and digesta mass. With 750 g forage/kg, higher digesta mass for diet B than for diet RW seemed responsible for higher reticulo-rumen mass relative to DOMI. Grass type did not affect GIT mass with 250 g forage/kg even though digesta mass differed. Higher intestinal digesta mass for 750 than for 250 g forage/kg may have elicited higher intestinal tissue mass with diets A and B but not with diet RW, for which N D F digestibility was highest. Liver mass varied primarily with DOMI, although with 750 g forage/kg higher GIT mass for diet A than for grass diets may have had a slight stimulatory effect. Liver mass relative to DOMI was greater for 250 than 750 g forage/kg diets.
